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Foreword. 

The  individual  who  is  not  thoroughly  con- 
versant with  the  great  improvement  that  has  been 
made  in  motor  car  engines,  will  have  difficulty 
in  appreciating  how  the  great  capacity  per  unit 
of  mass  of  the  light  motors  designed  especially 
for  aerial  work  is  largely  possible  through  ex- 
perience gained  in  the  automobile  engineering 
field.  When  aeroplanes  were  first  devised  numer- 
ous unconventional  forms  of  internal  combustion 
engines  were  contrived  that  v/ere  believed  to 
have  features  making  them  specially  suitable  for 
the  propulsion  of  aircraft. 

At  present  there  are  scores  of  aeronautical 
engines,  each  having  its  own  peculiarities  of 
design;  but  all  following  the  same  general  plan. 
Consequently,  in  the  preparation  of  this  work  it 
was  considered  logical  to  follow  standard  prac- 
tice rather  than  deviate  from  the  present  designs. 

It  is  hoped  that  interest  in  aeronautical 
engineering  will  steadily  increase  to  such  extent 
that  further  developement  v,'ill  result  in  time  to 
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IV 

OBJECT. 

The  object  of  this  work  was  primarily  to 
design  the  important  members  of  an  experimental 
six  cylinder  aeronautical  engine  capable  of 
delivering  200  horsepower  at  the  normal  speed 

of  1750  R.P.iil. 

The  writers,  at  the  outset,  realized  that 
the  perfection  of  the  aeronautical  engine  is  a 
matter  of  exhaustive  testing  and  redesigning 
and  have  undertaken  the  problem  with  the  idea 
of  acquainting  themselves  with  the  difficulties 
encountered  by  designers  of  that  type  of  engine. 
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Preliminary  Considerations. 

The  problem  of  the  airplane  engine  should 
appeal  strongly  to  every  engineer  "because  it 
is  a  problem  of  the  lightest  power  plant.   The 
lightest  weight  of  engine  proper  per  horse- 
power is  to  "be  secured  first  by  obtaining 
maximum  mesin  effective  pressure  at  maximum  speed 
and  second  by  making  the  weight  of  metal  per 
cylinder,  or  per  cubic  inch  of  cylinder  dis- 
placement per  working  stroke,  a  minimum,   ^'ith 
both  these  factors  in  view,  the  engine  must  be 
reliable  in  operation. 

Considering  the  effect  of  cylinder  diameter 
upon  unit  metal  weight,  it  appears  that  from  the 
unit  weight  standpoint  the  cylinder  diameter 
should  be  as  large  as  possible,  because  the  wall 
thickness  of  a  cylinder  is  always  greater  than 
necessary  for  the  stress  due  to  structural  reasons. 
This  being  the  case,  the  larger  the  cylinder  per 
cubic  foot  of  displacement  the  less  the  unit 
metal  weight  in  the  wall,  and  the  only  limit  to 
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large  cylinder  diameter  is  good  operation. 

As  the  stroke  is  increased,  the  metal  in 
the  cylinder  piles  up  endwise,  too  fast  with 
reference  to  volume,  and  therefore  for  minimum 
unit  metal  weight,  the  shorter  the  stroke  the 
Detter.   For  that  reason  as  a  general  thing 
shorter  strokes  are  used  on  airplane  engines 
than  on  automobile  engines. 

The  connecting  rod  length  considerably 
affects  the  weight.  Clearly,  the  shorter  the 
connecting  rod  the  shorter  the  frame,  and 
therefore  saving  in  metal.  But,  on  the  other 
hand  by  decreasing  the  length  we  increase  the 
angularity,  which  introduces  stresses  requir- 
ing metal  thickening  in  other  places. 

The  number  of  cylinders  should  be  as  large 
as  possible  up  to  the  point  v/here  the  weight 
of  the  connecting  parts  has  to  be  increased. 
A  two  cylinder  engine  has  less  than  twice  the 
weight  per  cuoic  foot  of  displacement  than  a 
single-cylinder,  for  the  reason  that  the  number 
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of  end  supports  for  the  shaft,  etc,  is  not  in- 
creased.  Similarly  a  three-cylinder  has  less 
than  three  times,  a  four-cylinder  less  than  four 
tiraes,  and  so  on;  and  the  weight  per  cubic  foot 
of  displacement  becomes  less  and  less  until  a 
certain  number  of  cylinders  (about  six)  is  reached 
where  the  shaft  diameter  and  the  weight  of  the 
frame  must  be  increased  so  as  to  retain  the 
necessary  stiffness,  whereupon  the  saving  in 
weight  by  multiplication  is  neutralized. 

Another  method  which  helps  reduce  weight  is 
by  overrunning  the  piston  at  the  lower  end  of 
the  stroke.   The  effect  on  weight  is  clearly 
seen  in  that  the  overall  height  of  the  motor  is 
reduced.   Except  in  special  cases  where  the  de- 
signer finds  it  advisable  to  place  a  ring  at  the 
open  end  of  the  piston,  the  latter  may  overrun 
the  bore  close  to  1/6  its  length. 

Vf'e  may  maice  use  of  the  piston  to  reduce 
weight  by  another  method;  na^aely ,  oy   making  it 
convex  outwardly.   ^Taen  a  high  compression 
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ratio  is  desired  this  helps  to  reduce  the  com- 
pression volume  and  thereby  reduce  the  height  of 
the  cylinder.   A  convex  piston  head  approaches 
the  spherical  form  and  is  therefore  strengthened. 
On  the  other  hand,  however,  it  has  greater  area 
exposed  to  the  heat;  and  since  the  head  is  not 
provided  with  any  cooling  means  this  is  a  matter 
of  considerable  moment. 

Another  idea  which  may  or  may  not  have  any- 
thing to  do  with  the  reduction  of  weight  is  in 
the  method  of  locking  the  piston  pin  to  prevent 
it  from  scoring  the  cylinder  wall.   Some  design- 
ers favor  the  use  of  a  single  set  screw  in  one 
ooss  of  the  piston  while  others  place  a  piston 
ring  directly  over  the  center  of  the  piston  pin. 
The  latter  method  has  the  advantage  in  that  it 
allows  a  I'ull  floating  piston  pin  which  is  de- 
sired.  The  Liberty  engine  uses  aluminum  caps 
over  the  ends  of  the  piston  pin.   A  new  idea 
brought  out  and  at  present  little  used  is  in  pla- 
cing  a  steel  spring  ring  in  a  groove  on  either 
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side  of  the  piston  pin.   This  construction  is 
favored  in  the  present  design  chiefly  because 
of  its  simplicity  and  its  effect  on  the  reduc- 
tion of  weight. 

The  weight  of  an  engine  is  also  a  function 
of  the  vertical  drive  shaft  speed.   The  magnetos 
for  a  six  cylinder  vertical  engine  should  "be  run 
at  1.5  crankshaft  speed.   Should  the  vertical 
shaft  be  run  at  crankshaft  speed  the  magnetos 
must  of  course  "be  geared  up.   The  housing  must 
therefore  be  increased  in  size  and  an  increase  at 
this  point  means  that  the  v^hole  vertical  drive 
must  be  moved  outv.'ard  with  the  resulting  increase 
in  weight.   P-y  running  the  vertical  shaft  at  1.5 
engine  speed  the  above  difficulty  is  overcome  and 
in  addition,  the  increase  in  speed  results  in  the 
decrease  in  torque  and  the  shaft  may  be  made 
lighter. 
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Page  #1. 
General  Description. 
(a)  Cylinders. 

The  cylinders  are  steel  sleeves  made  from 
pierced  forgings  similar  to  high  explosive  and 
shrapnel  shells.   These  are  solid  at  the  upper 
end  and  the  valve  seats  are  formed  directly  in 
the  dottora  of  the  cylinder  itself.   The  outside 
of  the  cylinder  is  threaded,  and  screws  into  an 
aluminum  casting  vvhich  looks  like  a  cylinder 
block  but  is  in  reality  only  the  water  jacket 
for  all  six  cylinders  of  the  block.   The  lower 
ends  of  the  cylinder  sleeves  project  and  have 
flanges  fastening  the  cylinder  clock  to  the  en- 
gine base  by  means  of  triangular  bridge  clamps; 
the  latter  oeing  held  in  place  by  -g-  inch  rods 
which  extend  through  holes  in  the  webs  of  the 
two  halves  of  the  crankcase.   The  individual 
cylinder  sleeves  are  heat  treated,  machined  and 
threaded  on  the  outside.   The  cylinders  are 
screwed  into  the  cast  aluminum  cylinder  block 
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Page  #2. 
which  comprises  the  water  jackets  and  valve 
ports,  intake  and  exhaust  passages. 
^B)  Valves  and  valve  gear. 

As  is  oefore  stated,  the  valves  are  lo- 
cated in  the  heads  of  the  cylinder  sleeves. 
They  are  set  vertically  in  the  cylinders  along 
the  center  of  each  block  and  are  directly  oper- 
ated by  a  single  camshaft  located  over  the 
valves.   The  valves  are  of  chrome-nickel  steel, 
with  large  diaaieter  hollow  stems,  working  in 
tight  fitting  cast  iron  bushings,  provided  at 
the  upper  ends  with  case  hardened  flat  headed  ad- 
justing discs,  upon  which  the  cams  operate  and 
are  held  to  their  seats  by  single  helical 
springs.   The  hollow  camshaft  is  mounted  in  four 
plain  bronze  bearings  and  is  driven  from  the 
crankshaft  oy  a  vertical  shaft  and  bevel  gears  of 
hardened  alloy  steel.   This  vertical  shaft  which 
runs  at  1.5  cranksnaft  speed  is  mounted  in  two 
comoined  radial  and  thrust  oall  beariugs  located 
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Page  #3. 
at  and  near  the  lower  end,  and  in  a  plain  oear- 
ing  at  its  top  end.   Directly  aoove  the  inter- 
mediate "ball  bearing  this  shaft  carries  a  oevel 
pinion  which  meshes  with  two  other  bevel  pinions 
of  the  same  size  as  itself.   The  latter  pinions, 
which  are  mounted  on  a  comn-on  axis,  drive  the 
two  Dixie  high-tension  magnetos,  located  on  oppo- 
site sides  of  the  vertical  shaft.   The  upper 
part  of  the  vertical  shaft  is  inclosed  in  a 
housing  of  light  steel  tubing  and  the  lower  part 
in  an  aluminum  housing,  the  upper  end  of  which 
is  large  enough  to  allow  the  intermediate  radial 
ball  bearing  to  be  put  into  place.   The  bevel 
gears  for  the  magnetos  are  moanted  directly  on 
the  shafts  of  these  devises  and  no  extra  Dear- 
ings  are  required  in  the  housing.   Light  steel 
caps  are  screwed  into  the  housing  over  the  mag- 
neto shai'ts,  baCK  of  the  driving  gears  and  are 
provided  with  felt  washers  to  keep  out  the  dust 
and  keep  in  the  oil  spray.   The  hollow  camshaft 
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has   an  outside   diameter   of   1  ^  inches   and   an  in- 

8 

side   diameter  of   1  i  inches.      At    the   forv/ard 

8 

end  it  is  provided  with  an  eight  tooth  spline 

upon  V7hich  is  mounted  the  camshaft  driving  gear. 

The  gear  is  held  in  place  "by  a  lock  nut  v.'hich 

is  prevented  from  coming  loose  by  a  steel  pin. 

The  cams  are  forged  integral  with  the  camshaft, 

cut  and  ground  to  size  and  hardened.   The  valves 

have  a  lift  of  3  in.  and  have  a  clear  opening  of 

8 

'^  i  in.      The   vsJ-ve  discs  are  adjusted  to   give   a 
8 

.02   in.    clearance  \;n.en  the    engine   is   cold.      From 
the   forward   end  of   the   camshaft   a   speedometer 
drive   is   taken  off. 
(C)   Pistons. 

Die   ca-st    aluminum  pistons   are   employed.      These 
are  of   unusual   design   in  that   the  piston  head  and 
a  considera'Dle  portion  of   the    sKirt    are   aijout  \  in. 
thick,    the  object   in  using   such  heavy  walls  being, 
of   course,    to    facilitate   the  flow  of  heat   from  the 
head  to   the   skirt.      Each  piston  is   cut   with  grooves 
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for  three  compression  rings  near  the  top  end. 
Depressions  are  for/aed  on  the  piston  surface 
where  the  bosses  are  located,  so  that  any  slight 
distortion  of  the  bosses  will  not  affect  the 
bearing  of  the  piston  in  the  cylinder.   Each 
piston  was  estimated  to  weigh  between  3  and  4 
lbs.  when  finished.   There  are  no  ribs  inside 
the  piston  to  strengthen  the  bosses  and  help  to 
conduct  away  the  heat,  these  being  rendered  un- 
necessary by  the  heavy  wall  thickness  employed. 
The  bosses  are  very  firmly  secured  to  the  skirt, 
hov/ever,  by  large  fillets;  in  fact,  the  bosses 
really  form  solid  segments  inside  the  cylindri- 
cal skirts.   The  piston  pin  is  full  floating  and 
is  prevented  from  scoring  the  cylinder  wall  by 
two  steel  spring  rings  which  fit  into  grooves  in 
the  piston  bushings.   All  of  that  part  of  the 
skirt  not  occupied  by  ring  grooves  has  oil  grooves 
cut  upon  it.   The  skirt  wall  is  tapered  from 
about  the  axis  of  the  piston  pin  to  the  open  end, 
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while  the  head  is  plain.  Over  the  whole  length 
of  the  skirt  the  piston  is  finished  up  to  .02  in. 
below  the  nominal  cylinder  bore,  while  on  the 
lands,  it  is  finished  to  diameters  which  are  .025, 
.030,  and  .035  in.  below  the  cylinder  bore  re- 
spectively. 
(D)  Connecting  rods. 

The  connecting  rods  are  tubular  and  are 
machined  all  over  from  a  steel  forging.   The  out- 
side dianeter  of  the  tubular  rod  is  1  i  in.  and 

8 

the   inside  is   bored  with  a  iiZ  in.    hole  from  the 

32 

crankpin  end  to  within  -^  in.  of  the  wrist  pin 

16 

busing.      The  bottom  end  of  the    bore   is  fitted 
with  a   screwed  plug.      The  weight  of   the  big   end 
is  lightened  by  holes  drilled  radially   through 
the  big  end.      Two    semi-circular  oil   grooves   are 
machined  in  the  babyitt  metal   of   the    oig   end 
bearing   cap  and  a  circular   groove   is   cut   in  the 
wrist  pin   oushing  for   lubrication.      The  bronze 
wrist  pin   Dushing  is   forced  into   tne  rod  and  is 
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broached  out  to  a  diameter  of  1-^  in.   The  con- 
necting rod  oap  is  held  in  place  by  four  ^  inch 

8 

bolts  with  castellated  nuts  and  split  pins. 
The  oore  of  the  big  end  of  the  connecting  rod  is 
2  inches  and  the  length  of  the  cranKpin  bearing 
is  2^   inches.   All  the  connecting  rods  are  bal- 
anced by  weighing,  the  limits  being  it   oz« 
(S)  Crankshaft. 

A  seven  bearing  crankshaft  is  used,  having 

main  journals  2  ^  inches  in  diameter.   All  in- 

16 

tennediate  bearings  are  2  1—  inches  long.   The 

16 

forward  end  bearing  is  2  i  inches  long  and  the 

rear  end  bearing  4  ^  inches.   Three-quarter  inch 

4 

holes  are  drilled  through  all  of   the  journals  of 
the   crankshaft  with  the  object  of   lightening  it, 
and  also    in  the   case  of   the   crankpins,    to  help 
in  the  luorication.      To   a  forged  flange  at   the 
forward   end  of   the   cramcshaft   is  bolted  the   crank- 
shaft  gear.      The   crankshsift   is   a  chrome  nickel 
steel   forging  and  is  iiiachined  all  over.      It   is 
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provided  with  a  thrust  collar  to  the  rear  of  the 
rear  bearing,  back  of  which  is  mounted  a  double 
ball  thrust  bearing.   The  propeller  hub  seat  is 
turned  to  a  taper  and  cut  with  a  keyway.   The 
crankshaft  being  made  of  alloy  steel  is,  of  course, 
heat  treated. 
(P)  Grankcase. 

The  crani:case  is  in  two  pieces,  both  of 
which  are  aluminum  castings.   The  crankshaft  bear- 
ings are  on  a  line  with  the  split  in  the  crankcase, 
the  lower  halves  of  the  crankshaft  bearings  being 
held  in  the  lower  half  of  the  crankcase  and  the 
upper  halves  in  the  upper  half  of  the  crankcase. 
The  two  halves  are  tied  together  by  long  bolts 
which  pass  through  the  upper  half  of  the  crankcase, 
through  bosses,  and  clamp  the  cylinder  sleeves  in 
place  as  before  described.   This  gives  an  accessible 
construction  which  is  at  the  same  time  rigid,   A 
careful  joint  is  made  between  the  two  halves  of  the 
crankcase  in  order  to  secure  the  desired  alignment 
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at  the  main  beaxings,  the  joint  Toeing  lapped. 
(G)  Lubrication. 

.  The  oil  supply  is  carried  in  a  reservoir 
which  is  cooled.   This  reservoir  is  mounted 
somewhere  in  the  vicinity  of  the  engine  and  from 
it  oil  is  led  to  the  connection  on  the  right 
side  of  the  oil  pump  "body,  which  is  to  be  marked 
"Oil  In".   The  oil  is  filtered  at  this  point 
through  a  large-area,  fine  mesh  screen.   A  deliv- 
ery pump  of  the  gestr  type  takes  the  oil  after  it 
has  passed  through  the  screen  and  delivers  it 
under  pressure  to  a  distributor  pipe  running  the 
entire  length  of  the  crankcase.   There  is  a 
pressure  regulating  valve  between  the  pump  and 
the  distri outing  pipe  which  should  hold  the  oil 
pressure  so  that  it  does  not  exceed  50#  per  sq. 

inch. 

From  the  distributor  pipe  there  are  pipes 
fitted  in  the  crankcase  leadin?-  to  the  main 
crankshaft  bushings,   "he  crankshaft  is  hollow, 
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and  in  the  center  of  each  main  bearing  there  is 
a  radial  hole  drilled  through  the  shaft  into  the 
hollow  center.   A  passage  leads  froia  each  hollow 
main  bearing  to  the  adjacent  crankpin,  which  is 
also  hollow.   A  radial  hole  is  drilled  through 
each  crankpin  and  carries  the  oil  out  on  the  sur- 
face of  the  pin. 

The  oil  spra^  thrown  off  cy   centrifugal 
force  fro:n  the  ends  of  the  connecting  rods  luori- 
cate  the  piston  pins  and  cylinder  walls.   A  part 
of  the  oil  from  the  main  distributor  pipe  at  the 
propeller  end  of  the  engine  goes  uj)  through  a 
pipe  that  leads  to  the  propeller  end  camshaft 
bearing.   The  oil  is  lead  through  a  passage  drilled 
diametrically  tiirough  the  bearing  midway  of  its 
length.   Once  every  revolution  of  the  camshaft,  a 
hole  drilled  through  the  camshaft,  into  its  hollow 
center  registers  v/ith  the  oil  passage  through  the 
bearing.   Thus,  once  every  revolution  of  the  cam- 
shaft a  small  quantity  of  oil  is  forced  into  the 
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hollow  center.   The  oil  is  led  through  the  cam- 
shaft and  out  through  holes  drilled  in  it  to 
each  camshaft  bearing.   A  small  hole  is  drilled 
in  the  base  circle  of  each  ca:n  to  properly  lub- 
ricate the  tappet.   The  excess  oil  eventually 
finds  its  Vi?ay  to  the  gear  end  of  the  camshaft, 
over  the  gears  and  down  the  driveshaft  housing 
into  a  chacQber  just  above  the  oil  pui,ip. 

The  excess  oil  thrown  off  in  the  crahkcase 
by  the  connecting  rods  collects  in  this  same 
chamber  when  the  engine  is  inclined  so  that  the 
propeller  end  is  high.  If  the  propeller  end  of 
the  engine  is  low,  this  oil  collects  in  a  sraall 
sump  or  chaaoer  at  the  propeller  end  of  the 
crankcase. 

Immediately  above  the  oil  delivery  pump  is 
located  an  oil  return  pump  consisting  of  three 
gears  and  driven  by  the  saiue  shaft  as  the  delivery 
puiap.   The  function  of  this  oil  return  pump  is  to 
draw  the  excess  oil  out  of  the  crarikcase  and 
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return  it  to  the  oil  reservoir.   One  section  of 
this  piamp  draws  oil  from  the  sump  at  the  pro- 
peller end  of  the  crankcase  and  the  other  section 
draws  oil  from  the  sump  at  the  magneto  end  of 
the  crankcase.   Both  halves  of  the  pump  deliver 
oil  to  the  connection  on  the  left  side  of  the 
oil  pump  body  to  Ise  marked  "Oil  Out"  from  which 
point  it  returns  to  the  oil  reservoir. 
(H)  Cooling  system. 

The  cooling  water  is  circulated  tjy  means  of 
a  centrifugal  pump  connected  through  a  spline  to 
the  crankshaft  gear,  and  obviously  runs  at  crank- 
shaft speed.   The  housing  of  the  pump  is  made  of 
aluminum  and  the  impeller  of  bronze.   As  it  leaves 
the  pump  the  water  passes  through  a  pipe  leading 
under  the  magneto  base  on  the  left  side  and  con- 
nections through  a  hose  joint  to  the  cylinder 
bio  ck . 
(I)  Propeller  Hub. 

The  new  staiidard  hub  adopted  by  the  aviation 
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section  of  the  United  States  Army  is  used.   The 
shaft  is  given  a  taper  of  one  in  ten,  and  the 
hub  is  prevented  from  turning  by  a  straight  key 
held  in  place  by  a  flat-headed  standard  A.S.M.S. 
machine  screw.   The  hub  is  forced  in  place  on 
the  taper  by  the  long  nut  by  means  of  a  bar  put 
through  the  holes  at  the  end  of  the  nut,  and 
the  nut  is  then  prevented  from  turning  by  the 
pin,  which  drops  into  one  of  the  four  slots 
around  the  circumference  of  the  nut. 

The  inner  flange  is  integral  with  the  spool 
or  barrel  of  the  hub,  but  the  outer  flange  has 
a  movement  of  1  inch,  allowing  for  hub  variations 
of  from  5  to  6  inches  in  thickness.   The  outer 
flange  is  prevented  from  turning  by  ten  splines; 
and  as  five  of  these  splines  are  drilled  to  re- 
ceive the  locking  pin,  it  gives  a  large  number  of 
positions  in  which  the  nut  can  be  securely  locked 
in  place.   This  pin  is  held  in  position  by  a  wire 
running  through  its  head  and  around  the  hub,  a 
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grooTe  "being  provided  for  this  purpose.   The 
ends  are  twisted  together  in  the  usual  way. 

The  bolts  have  a  taper  head  to  insure  a  per- 
fect fit  in  the  inner  flange,  and  the  nut  on  the 
outer  end  has  a  projecting  sleeve  that  goes 
through  the  outer  flange,  so  that  the  thread  of  the 
bolt  does  not  come  in  contact  with  the  flange  at 
any  point.   It  will  be  noticed  that  the  engine 
shaft  is  hollow  and  that  the  bolt  is  drilled  for 
nearly  its  entire  length.   It  will  also  be  seen 
that  the  key  has  a  tapped  hole  at  the  front  end 
through  which  a  screw  can  be  used  as  a  jack  in 
lifting  the  key  out  of  place,  should  it  become 
j  armaed  in  any  way. 
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Method  of  Design  and  Calculatione. 
(a)  Thermodynamic  Analysis. 

In  the  design  of  this  engine  it  was  assumed 
that  a  oore  of  5  inches  and  a  stroke  of  7  inches 
was  desired,  as  is  used  oy  the  Liberty  and  Hall 
Scott  airplane  engines.   The  average  compression 
ratio  was  taken  as  5  to  1,  amd  the  horsepower 
rating  was  to  be  at  the  speed  of  1750  R.P.M. 
Let: 

b  =  bore  of  cylinder  in  inches. 
1.=:  stroke  in  inches. 
r  =  compression  ratio. 
P,  =  initial  compression  pressure. 
?^  =  maximum  compression  pressure. 
V,  =  absolute  volume  at  beginning  of  com- 
pression (piston  displacement  —  clearance 
volume) 
1     =  absolute  volu_iie  at  end  of  compression 

(clearance  volume) 
n  m   exponent  for  adiabatic  change  of  state. 
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'From,  the  law  of   adiabatic   change  we  have: 

P,    V,    s=  P^   V^   =  Const. 
From  which  it   follows  that   the   compression  pres- 
sure 
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Therefore: 

n 

P2  =  ^,   (r) 
The  initial  pressure  P,  varies  with  the  piston 
speed,  size  and  form  of  passages,  and  with  other 
factors.   At  low  engine  speeds  P,  is  generally 
close  to  atmospheric  pressure  but  at  rated  engine 
speed  it  drops  off  so  that  it  is  not  more  than 
from  12  to  13  pounds  per  square  inch.   For  a  good 
filling  engine  we  may  safely  assume  that  P,  is 
1.5  lbs  Cielow  atmospheric  (i.eP^  =14.7-1.5  = 
13.2  lbs  per  sq.  in.)   The  value  of  n  for  com- 
pression is  an  experimental  quantity  which  is  found 
from  the  actual  indicator  diagram  and  may  be  taken 
as  1.30.   Substituting  known  values  we  obtain  for 
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I  30 


the  final   compression  pressure  P^    =  13.2  X   (5)        = 
106.9   lbs  per   sq.    in.      The   explosion  pressure 
varies  with  different    shapes  of   combustion  chambers 
and  in  this   case   the  ratio  may  be   taken  as  4.25   to 
1.      V/e  obtain,    therefore,    as  the  maximum  explosion 

pressure, 

106.9  X  4.25  s=  454.    lbs  per    sq.    in. 
The  v;ork  of   expansion  as  given   oy  Heldt   is: 

Where: 

b  =  bore  of   cylinder   in  inches, 
a  B  ratio   of  inaxiraum  pressure  to    compression 
TDressure. 

P     =  maximum   comToression  pressure  given  in  lbs 
2 

per    sq.    in. 
L  =  length  of   stroke  in  inches. 
r  s=  compression  ratio. 
Substituting  the  n'omerical   values  we  obtain: 

r  1744.    foot   los. 


vr     -  irx   (5)      X  4.25  X  10 
^'e    -  14.4 
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The  work  of   coinpression  as  given  by  Heldt   is; 

Where  P,     =  initial   compression  pressure  lb.   per   sq. 
in. 
Other  notation   saine   as  before. 

Substituting  the  numerical  values  we  obtain: 

w     -  ^X    {df    X  15.2      (5   X  tN  (  "'^     _     \ 
W^    =  ^j^  \5^^^j  V  } 

=  391.    foot   lbs. 
The  useful  work  per   cycle  is  therefore: 

We  -  \=   (1744   -  391.)    =  1353.    foot    lbs. 
At  1750  R.P.M.    there   are   675   explosions  per  minute 
and  the  work   done   by   each  cylinder  per  minute  is, 

875  X  1353  ss  1,183,875   foot    lbs. 

One  horsepower   33,000  ft.    lbs  per  min.    so   that 

each  cylinder   develops,    '^'IIqI^I'^^  =35.9  Horsepower 

Since  the   engine  has   six  cylinders,    it   develops, 

35.9  X  6  =  215.4  Horsepower. 

The  total  M.i^.P.   on  each  piston  is, 

net   output   of   the   cylinder  _  1553 
stroke  of   engine   in  feet        -    /  7  \ 
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=  2320  lbs. 

The  area  of  the  piston  is, 
7—  d  —  T"   (5)   =  19.635  sq.  inches. 

and  the  ii.E.P.  is,  therefore, 

2320 
r^p-r^T  =  118.3  lbs.  per  sq.  in. 

The   above   analysis   is  purely  theoretical   and  does 
not   account   for   the   inherent   losses  prominent   in 
any   engine.      The  values,    therefore,    in  the  actual 
engine  are   somewhat   reduced, 
(B)    Cylinder  Design. 

(1. )    Clearance   volurae. 


Let: 


b  =  Dore  of  cylinder  in  inches. 
L  =:  length  of  stroke  in  inches, 
r  ss   compression  ratio.        .^ 
V  =  piston  displacement  cu.  inches, 
C  =  clearance  volume  cu.  inches. 


Then, 

r  =  V-*-  g 
C 

or 
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V 


and  therefore, 

P    4   b  L  _  ^^   L 
^  "=  r  -  1  -  4(r  -  1) 

Substituting  the  numerical  values, 

z. 

C  =    T(5  -1)   ^  -^   =  34.4   cu.    inches. 
The   shape  of   the   clearance   space   and  the  piston 
head  are   shown  in  Fig.    1.      The  problem  now  is   to 
find  the  height  h,  ,    given  the  piston  head  dimensions 
and  the   clearance   volume. 

It   can  readily    be   seen  from   similar  triangles 
that  h  ::  1   inch. 

The   area  of   a  5   inch  diameter   circle   is  19.635   sq.    in, 
The   area  of   a  2^  iiich  diameter   circle   is  4.908 
sq.    in.      The  volume  of   the   cone  of  height  h  is, 

3  X  19.635  X  1  =  6.545   cu.    inches. 
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The  voluiae  of  the  small  cone  is, 

I  X  4.908  X  I  =  ,813  cu.  inches.     .j 
Therefore  the  volume  of  the  frustmn  of  the  piston 
head  is,  (6.545  -  .818)  =  5.727  cu.  inches. 
The  volume  of  the  cylinder  of  the  same  height  as 
the  frustum  is,  19.635  X  ^  =  9.3175  cu.  inches. 
Therefore  the  volume  represented  by  the  shaded  area 
of  Fig.  1.  is,  (9.3175  -  5.727)  =  4.0905  cu.  inches 
and  the  difference  between  the  clearance  volume 
and  the  volume  represented  by  the  shaded  area  must 
equal  the  volujae  of  height  h,  . 

Therefore, 

35    .       , 
The  nearest   fraction  to   this  is   i   g^  incnes. 

The  height  h^    is,    therefore. 

(2. )    Thickness  of   cylinder   liner. 
The   cylinder   liner   is  made   of   heat   treated   steel. 
A  conservative  ultimate   tensile   stress  of   60,000 
loB  per    sq.    inch  is  used  for   the  material.      In  the 
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Maybach  Aviation   engine   the   safe   stress  used  is 
13,280   lt>s  per    sq.    in.    for   the   longitudinal   sea^ii; 
aiid,    based  on   the   assumed  ultimate   stress  of 

50,000   lbs,    the  factor  of    safety   is, 

St,         60000        ,    ^„ 
^  =  ^=  13280  =  4.52 

We  may  assume  that  the  inaximum  unit  pressure  in 
the  cylinder  is  450  lbs  per  sq.  inch  for  a  com- 
pression ratio  of  5  to  1. 

The  equation  for  the  strength  of  the  cylinder 
in  longitudinal  tension  is, 

V/here: 

t  =:  thickness  of  cylinder  in  inches. 

P  =  unit  pressure  Id.  per  sq.  in. 

D  =  diameter  of  cylinder  in  inches. 
S  =  safe  tensile  stress  Ids.  per  sq.  in. 
Substituting  the  values, 

t  -  ^^Q  "  P. ss  .0847  inches. 

^  -  2  X  13,280 

•7 

The  nearest  fraction  to  this  is  ^  inch. 

The  steel  liner  screws  into  the  aluminum  cylinder 


p  /.   /; "  8  i  ■   c  B  e  'I  .t  s   'i  '\r. »   H  r^:  j 


J.   'j\3   'i-y    ,f!x    ^pe   sr 


(VCjf 


--or;   ii   lol   ^if;.ji    .pa     i--c    cjc^    02i»   8i    •i;-jLir..iX\-j   ecii 

,X    Oj*    ".    'id    oxJ/'i    (-.JifcM!-  '...J 

,  t^  ;   r:cian©3    Xfir. ibuT  iiiXJoJ.    i'i 

a 'I 

.«o:.onj:   HJ    Ti-'Miriv:;    'ic   ca^iv.U  i... !  ■'■■■■■  i 
.:■}     .OK    1'^  ,;    .'-1    &i>.sae'iq  Jin 
."'ip.ivax   ri   'v'^-T  J.J.  ■p   'tc   •xf'C!&;ivf  ]:.■ 

,  ;■.-.,  f,t'V   P'i":)   :;.r':.        ,     .t.i;j... 


'  i"  -I 


I    :;  iJ.i.i. 


Page  #24. 
block  which  is  i  inch  thick.   It  is  obvious  that 
the  aluminum  takes  some  of  the  stress  so  that 
the  actual  unit  stress  in  the  liner  is  thereby 
reduced. 

Using  the  practical  rule  given  "by  Heldt, 

the  width  of  the  water  space  for  engines  having 

5 
bores  between  4  atnd  5  inches,  is  —  inch.   Foundry 

o 

practice  limits  the  Jacket   wall   thickness,    the 
smallest  practical  thickness  for   aluminum  being 

16   ^"°^- 

(C)    Design  of   Cylinder  Bolts. 

Four    bolts  hold  the   explosion   load  of   each 
cylinder.      The   bolts   are  in  direct   tension.      Vhe 
total   cylinder   explosion  load  at   a  unit  pressure 
of   450   lbs  per   sq.    in.    is, 

P,     =  ^  X   (5)      X  450  «  8,836   lbs. 
The   load  on  each  bolt   is  therefore, 

P  =  1^  =  ^  =  2.209   lbs. 
A  safe   stress  of   15,000  lbs  per   sq.    inch  may  be 
used  since   the  bolts   are  made  from   .35   carbon- 
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chroiaa-nickel   steel,    heat   treated. 
Therefore, 

S      -^ 
From  which, 

A  =  |^=  fife  =  •i^'^2  '^-  ^^"^""- 

This  is  the  area  required  at  the  bottom  of  the 

thread.   From  the  table  of  S.A.S,  standard  screw 

threads  the  nominal  diameter  of  each  bolt  is  g 

inch. 

(D)  Design  of  Piston  and  Piston  Rings. 

The  Liberty  ty^e   piston  was  used  in  this  de- 
sign and  was  made  5  inches  in  length.   The  width 

of  the  piston  rings  was  made, 

b    5    1  .   , 
^  =  20  =  20  =  4  ^"°^- 

The  thickness  opposite  the  cut  was  made, 

t  =  Ij  =  ~  =  .2085".  say  ^   inch. 
The  best  location  of  piston  pin.   As  derived  by 
Heldt,  the  equation  for  the  best  location  of  the 

piston  pin  in  the  oiston  is  given  by, 

5  L  -f.Q5  b  -  .25  dL. 
^  -       10  L  -  b 
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Wiasre, 

L  =  length  of  piston  in  inches. 

X  s  distance  from  piston  pin  axis  to  head  end 

of  piston  in  inches, 
b  ■  "bore  of  cylinder  in  inches. 

Substituting  numerical  values, 

5  X  (5 A  .05  X  (sf-  .25  X  5  X  5 
X  =  (10  X  5)  -  5 

=2.67  inches,  say  2  g  inches. 
The  crovra  of  the  piston  and  a  considerable  portion 
of  the  skirt  is  made  |  inch  thick,  the  object  being 
to  facilitate  the  flow  of  heat  from  the  head  to 
the  skirt, 
(B)  Design  of  Piston  Pin. 

The  assumed  outside  diameter  taken  from  the 
Liberty  motor  is  1  j  inches. 

The  total  load  on  the  piston  as  previously 
determined  is  8836  lbs  at  the  maximum  unit  explo- 
sion pressure  of  450  lbs.   Allowing  side  clearance 
of  the  connecting  rod  between  the  piston  bosses  we 
obtain  the  length  of  the  connecting  rod  bearing  at 
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the  wrist  pin  which  is  2  ^  inches.   The  projected 
area  of  the  hearing  is  therefore, 

(1.25  X  2.375)  =  2.97  sq.  inches. 
The  unit  hearing  pressure  is  therefore, 

2   97  =  2,980  lbs.  per  sq.  in. 

Heldt  recommends  2500  lbs  per  sq.  inch  and  the 
Maybach  Aviation  engine  uses  2800  lbs  per  sq.  in. 
at  450  lbs  explosion  pressure.   The  value  2980 
lbs  Tier   sq.  inch  exceeds  the  values  given  but 
since  the  wrist  pin  is  of  the  full  floating  type 
the  bearing  pressure  is  reduced  consideraoly  by 
the  extra  bearing  area  of  the  piston  bushings,  so 
that  the  value  may  oe   considered  a  conservative 

one.  . /,  _ 

The  equation  for  the  determination  of  the 
inside  diameter  of  the  piston  pin  is  derived  by 

Heldt  and  iS; ^__ 
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^There , 


d-  =  inside  diameter  of  pin  in  inches. 
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d  =  outside  diafltieter  of  pin  in  inches. 

"b  =  "bore  of  cylinder  in  inches, 

p  =  unit  explosion  pressure  lbs  per  sq.  in. 

s  =  safe  working  stress  lbs  per  sq.  in. 
The  explosion  pressure  p  tsQcen  throughout  this 
design  is  450  lbs  per  sq.  inch  and  the  value  of  s 
may  be  20,000  lbs  per  sq.  inch  for  this  high  grade 

steel. 

Substituting  the  numerical  values, 

15 
call  it  ~  inch. 
16 

(P)  Design  of  Crankshaft.. 

The  type  used  follows  standard  aviation  engine 
practice  for  six  and  twelve  cylinder  engines;  nanely , 
the  use  of  seven  bearings  and  hollow  bearings  and 
crankpins. 

1.  Crankpin  diameter  and  length. 
An  analysis  of  a  number  of  six  cylinder  avia- 
tion motors  (Benz,  Hall  Scott,  luercedes.  Maybach,  etc) 
gave  an  emperical  formula  for  determining  the  outside 
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diameter  of   the   crankpin  as, 

^  =73476'' 
■Where, 

d  =  outside  diameter  of  crankpin  in  inches. 

D  =  piston  displacement  in  cubic  inches. 
For  this  engine,  the  piston  displacement  is, 
4-  (5)   X  7  =  137.4  cubic  inches. 


The  outside  diameter  of  the  crankpin  is  therefore, 

d  ^'^zl'.t  ~   1.996  inches, 
call  it  2  inches. 
The  explosion  load  on  the  crankpin  as  pre- 
deterjnined  is  8,836  Its.   The  bearing  pressure  for 
crankpins  as  given  by  various  authorities  is  1800 
lbs  per  sq.  inch. 

Using  this  value  we  find  as  the  length  of  the 
crankpin, 

call  it  2-g-  inches. 
2.  Main  journals. 
We  may  assume  the  thickness  of  the  crank 
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webs  as  -g   inch.   The  center  distance  between 

5 
adjacent  cylinders  is  found  to  be  6  ^-r  inches. 

The  length  of  each  intermediate  main  journal  is 

therefore, 

bj^-  (2x|)  -2|=25^  inches. 

un  examination  of  a  number  of  "six"  cylinder 
aviation  engines  it  was  found  that  the  following 
equations  hold  true, 

"Where, 

H  =  brake  horsepower  of  engine 

N  =  R.P.Ii.  of  engine. 

T  =  torque  in  inch.  lbs. 

S_  =  shearing  stress  next  to  propeller  hub. 

a  =  outside  radius  of  journal  inches. 

b  =  inside  radius  of  journal  in  inches. 

The  average  value  of  S,.  in  the  engines  ex- 
amined was  4,000  lbs.  per  sq.  inch.   It  was  found 
the  better  method  was  to  design  the  journals  first 


.c 


.ftbuJ 


i.i.'*.> 


iciiT 


i  J. 


■1    V 


ja  lo  m 


iVB 


-r^ -  =  ■:{■,, 


a   =    ^fi 


Page   #31. 
for  bearing  pressure  and  then   solve    Dy  the  above 
method  for   the   inside   diameter  of   the  hollow 
journal. 

'i'he  average   value  of   the  journal    bearing 
pressure  was   taken  as   1000   lbs  per   sq.    inch  and 
the   explosion  pressure  450  lbs  per   sq.    inch.      Two 
journals   carry  the   load  on   each  piston  which  is 

•     8,836   lbs.      Each  journal   carries, 

8836 

— f^  =  4418  lbs. 

Since  the  length  was  found  to  be  2  ^g  inches 
it  follows  that  the  diameter  based  on  bearing 

pressure  must  be, 

4418 
1000  X  2.0625  =  2.14  inches. 

call  it  2  Ye  inches. 

At   the  noriiaal  horsepower  rating  of  200  the 

torque  assumed  as   constant   from  equation   (1.)    is, 
^^63,025^X200^,    3„„      inch  l^s. 

Substituting   the  Icnov.T:  Vc.lues   in   equation    (ii.), 
^   y-  7200  3.  1' 0^4      _  4000 

ir  [U.094r^--  h^j     - 
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and   solving, 

b  s=   ,651   inches. 

The  inside  diameter  is, 

2^  =  2  X  .651  =  1.302  inches. 

In  the   actual   design,    following  Hall   Scott   six 

cylinder  practice,    the   inside   diameter  of  all 

journals  and  cran^pins  was  made  j  inch. 

(3. )  Crank  cheeks. 

The  thickness  of  the  cheeks  as  "before  assumed 

was  -  inch.  For  the  width,  the  following  equation 
8 

was  solved  for  S  and  this  value  computed  from  known 
dimensions  in  a  number  of  six  cylinder  aviation 

engines.  ^ 

I   o  "bh 

M  =  S  i=  S  ^ 

And  ii  =  I  R  since  each  cheek  carries  one  half 

the  load. 

P  =  total  load  on  piston  in  lbs. 
R  =  radius  of  cranic  in  inches, 
b  =  thickness  of  cheek  in  inches. 
h  =  width  of  cheek  in  inches. 
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The  average  value  of  S  was  found  to  be  12,500  los 
per  sq.  inch. 

Substituting  known  values,       ^ 

6836     ^             .87  5  h 
^f^  X  3.5  =  12.500  X  5 

And  h  =  2.91  inches. 

15  . 
Call  it  2  ^  inches. 

(G)  Design  of  Connecting  Rod. 

(1. )  Design  of  column. 

The  connecting  rods  used  are  tubular  and 
follow  closely  the  Benz  design.   The  length  was 
taken  as  12  inches  and  the  inside  diameter  of 
column  was  taicen  as  ^  of  the  outside  diameter. 
Using  the  method  given  by  Heldt,  based  on  the  Ran- 

kine  formula  for  the  strength  of  columns,  we  have 

p ,  P L  e 

0.344   D^  ■*■. 000526    o.344   D^   ^    .0974   D^=  ^- 

\Tnere , 

P  =  total  explosion  load  on  piston  in  lbs. 

D  =  outside  diameter  of  rod  in  inches. 
L  ss  length  between  centers  of  rod  in  inches. 
S  =  safe  working  stress  lb.  per  sq.  inch. 
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The   value  of  S     calculated  from  the  Benz   rod  was 
33,800   1138  per   sq,    inch,    so   that, 


2. 


0—11^-^.000526  X  0,344^1;^  X  ^  ^q^^  ^^   =  33,800 
solving,  we  get 

D  =  1.112  inches 

Call  it  1  r  inches. 
The  inside  diameter  is  therefore, 

f  X  1.125  =  .844  inch. 

Call  it  II  inch. 

( 2 . )  Connecting  rod  bolts. 

Four  bolts  per  rod  were  assumed.   The  greatest 
stress  comes  on  the  bolts  when  the  piston  starts  on 
the  suction  stroke  while  the  motor  runs  at  racing 
speed,  say,  2000  R.P.M.   The  force  of  acceleration 
is  therefore,  (See  Heldt  P-44 ,  Vol.  1). 

F^  »  .0000142  TRLII  (cos  ^  +  |^  cos  2  e)  Ids. 

Where, 

Y/  =  weight  of   reciprocating  parts  in  lbs. 

_  connecting  rod  length  (inches) 
""  length  of  stroke  (inches) 

L  =  length  of  stroke  in  inches. 
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II  =  R.P.M. 

It   is   seen  that  l^^    is  maximum  when  e-  s=  0 

Therefore, 

cos  ^=  cos  2^  =  1  when  #  =  0  so  that  the 
expression  (cos  e- -*•  ~  cos  2  e)  loecomes, 

The  reciprocating  weight  ¥  includes  the  weight  of 
the  piston  and  rings,  the  piston  pin  and  one  half 
the  weight  of  the  connecting  rod.   W  for  this 
engine  was  estimated  as  8  -  Ids. 
Substituting  Known  values, 

F  =  .0000142  X  8.5  X  7  X  (2000)  X  1.292 
=  4370.  lbs. 
Part  of  the  rod  is  also  rotating  and  this  part  is 
subject  to  centrifugal  force.   The  centrifugal 
force  must  be  added  to  the  accelerating  force. 

The  rotating  weight  of  the  rod  was  estimated 
to  be  5,625  lbs.   The  radius  of  rotation  of  this 
weight  at  the  moment  when  the  crank  is  at  the  top 
dead  center  position  was  estimated  to  be  3  inches. 
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Using  the  equation  for  centrifugal  force  for  any 

revolving  mass, 

it 

F^    =  1.226  m  r 

Vvlaere, 

W  =  rotating  weight  in  lbs. 

K  =  revolutions  per  second. 

r  =  radius  of  rotation  in  feet. 
We  have  therefore,  ^ 

P^  =  1.226  X  5.625  X  (^^]  X  |^ 

=  1915.  Its. 
The  total  load  on  the  cap  bolts  is  evidently, 

p  =  F^-F  =  (4370-*-  1915)  =  6,285  lbs. 
A  safe  stress  of  20,000  lbs  per  sq.  inch  may  be 
used  so  that  the  area  at  the  oottom  of  the  thread 
of  each  bolt  is, 

A  =  fi  =  rrlxooo  =  '^^^^  ^^-  i^-^^es- 

From  the  bolt  table  it  is  found  that  the  nearest 

bolt  corresponding  to  the  above  area  has  a  nominal 

diameter  of  ^  inch, 
o 
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(K. )  Valve  and  Valve  Gear  Design. 

( 1 . )  Miscellaneous  data  concerning  valve  gear 

design. 
The  three  possible  firing  orders  for  six 
cylinder  engines  are: 

1.  1-4-2-6-3-5 

2.  1-5-3-6-2-4 

3.  1-3-2-6-4-5 

The  firing  order   chosen  is   the  one  used  by  the 
majority  of   six  cylinder  aviation   engines  and  is, 

1-5-3-6-2-4 
Cylinder  numoer   1,    is  nearest   the  propeller   end  of 
the   engine.      A  six  cylinder  4   cycle  motor  must   fire 
three  times  per  revolution  or   every  120   degrees  of 
crajikshaft  travel.      Since  the   camshaft   travels  =■ 
crankshaft    speed  the  motor  must   fire   every  60   de- 
grees of   camshaft   travel. 

The   direction  of   rotation  of   the   engine,    facing 
the  propeller   ie   anti-clockwise.      Due   to   the  valve 
gear  arrangement,    the   camshaft  must   travel   in  the 


,  ^ 


•*.^-.'l 


■;^-l■^,^.?!;T  ;,^- ,v  •]  SlS.k^.A,.  .Ai^fi.  ^X^^''  '^    ^  •  ■''  ^ 


X  ; 


.•:i?i    -lo't    n'?.i)'SO    Jirtj-  :'^;'    '"i:- tcf'^iorr    »e»a;iJ    K.'ff' 


d  -  :  -  •>   ..  •:^  -  !•-   ..1.      .X 

^  ■-  '.  ~  .:     ~     '\  ~  -^     -     1.         .  .< 
I.) 

^  ^  u  ^  ':    ^    '^[  ^  r    „    I       ^  i; 
•■> 

&  _  ■  -.  ■•..'..  ^    -    f 

sv.',>.  •'   '.':{)    L  *    '•'.'.      _  .  •■j.j  .civ:..uo;  :••- i^trii:^  g  t   "roIT              '^xi^^ 


Page  #36. 
same  direction. 

The  valve  timing  was  talcen  from  the  Liberty 
motor  and  is  as  follows: 

o 

Inlet  opens,  degrees  on  cranlc,  10  Late. 

Inlet  closes,    "     "    "   ,  45  Late. 

Exhaust  opens,   "     "    "   ,  50  Early, 

Exhaust  closes,  "     "    "   .  10  Late. 
Ignition,  magnetos  fully  advance,  50  Early. 
Ignition,  magnetos  fully  retarded,  10  Late. 

The  inlet  valve  is  therefore  open  for  a 
period  of  215  degrees  of  cranicshaft  travel,  or 
107  r  degrees  of  camshaft  travel. 

The  exhaust  valve  is  open  for  a  period  of  240 
degrees  of  crankshaft  travel  or  120  degrees  of  cam- 
shaft travel.   The  compression  period  v;ith  spark 
advanced  is  105  degrees  crankshaft  travel  and  with 
spark  retarded  is  145  degrees  crankshaft  travel. 
The  expansion  period  with  spark  advanced  is  160  de- 
grees of  crankshaft  travel  and  with  spark  retarded 
is  120  degrees  of  crankshaft  travel. 
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(2. )  Valve  desipn. 
From  the  law  of  continuity  of  flow, 


^P^P^^v^^ 


A  =  area  of  piston  in  sq.  inches. 

A^,  r  area  of  clear  opening  of  valve  in  inches. 

Vp  =  maximum  piston  velocity  ft.  per  minute. 

V-  =  velocity  of  gas  through  valve  ft.  per 
7 

minute.  . 

IfOW  ApS  ~  t) 

17       ^ 
and  A^  =  ;^  d 

where  t)  and  d  are  the  diameters  of  the  cylinder  and 

valve  respectively. 

Therefore, 

And, 

V 

The  maximum  piston  velocity   is  given  by, 


Vp  =  2  L  n. 
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L  =  length  of  stroke  in  feet. 

n  ss  revolutions  per  minute. 
Therefore,  '- 

Vp  =  2  X  ~  X  1750  =  2040  ft.  per  minute. 
The  value  of  V,  ranges  from  7000  to  9000  ft.  per 
minute.   Using  9000  for  V  we  obtain, 

d  =  5y|~§  =2.37  inches. 
From  the  layout  it  was  found  that  the  largest  valve 
that  can  Toe  placed  in  this  type  of  cylinder  was 
2  r  inches  clear  diameter.   The  general  diuiensions 
of  the  valve  was  taken  from  practice  for  engines  of 
this  size. 

The  equation  for  valve  lift  was  taken  from 
Heldt  and  agrees  closely  with  practice, 

h  =  Q  "♦■  g  inch. 
TOiere  h  =  lift  in  inches. 

d  =  clear  diameter  of  valve  in  inches. 
Therefore: 

h  =  "■"^■g *■  q"  •=  .39  inch. 

Call  it  ^  inch. 
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(3. )  Camshaft  design. 

The  type  used  is  of  hollow  construction  having 

mushroom  cams  acting  directly  on  the  valve  stem 

discs. 

The  outside  diameter  was  taken  as  1  ^  inch. 

o 

Let: 

Us  center  distance  between  base  and  top 
circles  of  intake  and  exhaust  cams,  in 
'        inches. 

P.  =  radius  of  base  circle  in  inches. 

C  =  clearance  in  inches. 

r  s  radius  of  top  circle  in  inches. 

L  =  lift  of  valve  in  inches. 
R  was  taken  as  j   inch  and  r  assumed  to  be  ^  inch. 
The  clearance  used  on  both  cams  was  .02  inch. 
Then, 

D  =  R ->■  C  -♦- L  -  r 

or 

D  =  .75  -f  .02-»-  .375  -  .0625 
=  1.0825  inches. 
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The  method  of  laying  out  this  type  of  cam  is 
described  as  follows:  (See  Fig.  2) 

Draw  the  base  circle  and  top  circle,  the  radii 
of  which  have  heen  assumed.   The  two  centers  are 
placed  at  a  distance  D  apart,  as  given  above.  Lay 
off  the  clearance  circle  C  outside  the  "base  circle. 
Lay  off  from  the  center  line  connecting  the  two 
centers,  an  angle  equal  to  ^  the  valve  period.   Let 
this  line  intersect  the  clearance  circle  at  the 
point  P.   Prom  P  draw  a  tangent  T  to  the  clearance 
circle.  Now  draw  an  arc  A  which  is  tangent  to  the 
"base  circle,  the  top  circle  and  the  tangent  T  to 
the  clearance  circle.   If  the  arc  A  becomes  straight 
the  radii  R  and  r  must  be  changed. 

Drawing  #17  shows  the  valve  lift  diagrams  for 
both  the  inlet  and  exhaust  cams.   The  curves  were 
plotted  directly  from  the  cam  layout  given  on  draw- 
ing number  9. 

The  advantage  in  using  the  mushroom  type  cam 
is  that  the  valve  accelerates  very  quickly  at  the 
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beginning  of  the  lift.   As  compared  with  the  tan- 
gential and  constant  acceleration  ceuiis  it  ranics 
first  in  quick  opening;  but  the  steepness  at  the 
beginning  of  the  lift  curve  is  a  measure  of  the 
blow  dealt  the  cam  follower  by  the  cam  when  first 
coming  in  contact  with  it.   On  comparing  the  lift 
diagrams  of  the  mushroom,  tajigential  aind  constant 
acceleration  cams  it  can  be  seen  that  the  mushroom 
type  cam  crosses  the  clearance  line  by  far  the 
greatest  angle,  consequently  this  cam  would  be  ex- 
pected to  be  the  most  noisy.   However,  in  the  mush- 
room cam  the  speed  of  lift  at  the  beginning  exceeds 
that  of  the  other  two  cams,  hence  the  volumetric 
efficiency  would  be  expected  to  be  greatest  with 
that  type  of  cam.  From  a  standpoint  of  strength  of 
valve  spring  required  the  mushroom  cam  ranks  first 
in  merit. 

From  drawing  #17,  it  can  be  seen  that  the  valve 
accelerates  to  the  point  A  and  from  there  to  full 
lift  it  is  retarded.   It  is  also  evident  that  the 
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lift  curve  is  a  time-space  curve.   Thus,  we  may 
use  the  alascissae  as  time  in  seconds,  since  the 
crankshaft  travel  in  degrees  is  a  function  of 
the  time;  and  the  ordinates  as  feet,  "by  dividing 
the  lift  in  inches  by  12. 

A  tangent  to  the  time-space  curve  will  give 
the  instajitaneous  velocity  in  feet  per  second  at 
that  particular  point,  since  by  definition, 

A  a 

V  s=  tanoC  =  -rr  also,    ty  definition,    the  instan- 
dt 

tanpous   acceleration  is   given  by,    a  =  tan^=:  ^ 

/? 

B  ^LS  and  therefore  a  tangent  to  the  velocity 
df^ 

curve  would  give  the  instantaneous  acceleration 
of  the  valve,  in  feet  per  second,  per  second. 
Kote:  Acceleration  always  given  in  feet  per  second 
per  second. 

(3. -A)  Dimensions  of  cajashaft. 

The  camshaft  must  be  stiff,  well  supported 
and  have  very  little  deflection  under  the  valve 
load.   When  the  cam  is  just  at  the  point  of  lift- 
ing the  valve,  the  latter  receives  a  shock  due  to 
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impact  and  this  is,  of  course,  greatest  in  the 
case  of  the  exhaust  valve.   The  exhaust  valve 
must  be  lifted  against  the  force  due  to  inertia 
of  the  valve,  combined  with  the  initial  spring 
pressure  and  the  pressure  of  the  gases  in  the 
cylinder  near  the  end  of  the  expansion  stroke.   The 
latter  pressure  according  to  Heldt  is  50  lbs.  per 
sq.  inch. 

In  the  case  of  the  inlet  valve  only  the  inertia 
of  the  valve  and  the  spring  tension  need  be  con- 
sidered, as  the  valve  does  not  have  to  be  lifted 
against  a  pressure.   According  to  Heldt  the  force  . 
required  to  lift  the  exhaust  valve  is  approximately 
75  lbs.  per  sq.  inch  of  valve  area. 

Referring  to  Fig.  3, 

Let 

L  =  distance  between  adjacent   bearings. 
xL  =  distajice  of   the   centre  of   the   cam  from 
the  farthest   bearing. 

P  =  load  on   c&m   in   Ibe, 
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E  =  coefficient  of  elasticity. 

I  =  moment  of  inertia  of  section  of  shaft. 

Then,  the  deflection  of  the  shaft  at  the  centre  of 

the  cam  under  the  total  load  P  will  be 

y  -  £ii-  (2x  +  2x  -  4x  ) 
y  -  6EI  '  ^    ^     .      , 

PL      ^  ^  \ 

or  I  =  fl^  (2x  -^  2x  -  4x  ) 

From  the  layout  we  have, 
L  =  12.625  inches. 
xL  =  10.6875  inches. 
And  therefore,  x  s  .8475. 

From  the  table  given  by  Heldt  (Page  279)  we  find 
for  the  value  of  x  =  .85  that  (2x  +  2x  -  4x  ) 

=  .033. 

The  deflection,  y.  should  not  exceed  .002  inch. 

_  lL(2l)   X  75  =  266  lbs  for  the  exhaust 
4^8'. 

valve . 

Therefore,  j 

266  X  (12.625)   X  .033 
^  =  6  X  30,000,000  X  .002 

=  .0490 
This  is  the  required  moment  of  inertia  determined 
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by  the  exhaust  valve. 

For  the  inlet  valve,  assume  the  maximum  P 
equal  to  twice  the  mean  spring  pressure  or, 
P  =  2  X  70  s  140  lbs. 
L  s=  12.625       : 
xL  8  S.1875 
and  X  =:  .649 

V     -2      J 

From  the  table,  (2x  +  2x  -  4x  )  s=  .104. 

Therefore,  j 

140   X    (12.625)      X    .104 
•■•   ~  6  X   30,000,000  X    .002     -    -^^^'^ 

This   is  the  required  moment  of   inertia  determined 
by  the  inlet   valve.      It   is   seen  that   the   inlet   cam 
determines  the   size  of   the   camshaft   rather  than  the 
exhaust    cam,    in  this   case. 
The  moment   of   inertia  of   a  hollow  shaft   is  given  by. 
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D-d 


=   .0491     ri     -  d 


Y/here,  * 

D  =  outside   diameter  of   shaft   in   inches. 

d  =  inside   diameter  of   shaft   in  inches. 

Since  we   assumed  that   D  was  1  ^  inch  and  found  the 
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value  of  I  to  "be  .0815  we  find  that, 


=  1.18  inches. 

The  largest  practical  dimension  that  can  be 

used  is  1  —  inches.   As  a  comparison  it  might  "be 
o 

stated  that  the  Hispano  Suiza  Aviation  engine  has 

a  camshaft,  34  m/m  outside  diameter  and  28  m/m 

inside  diameter. 

The  shell  thickness  is  therefore  3  m/m  or 

.118  inch  as  compared  to  ^   inch  for  this  design. 

o 

(4.)  Valve  spring  design. 

The  equations  used  in  the  calculation  of  ,. 

valve  springs  are: 

3 

^'    "^   -       8D    ^ 

8n  PD 
2«    -^  =     Ed"*^ 

Y^here: 

D  =  mean  diazueter  of   coil   in   inches. 

W  ~  maximum   safe   load   in  lbs. 

F  =  compression  of   spring  in  inches. 

d  =  diameter  of  wire  in  inches. 
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.   n  =  number  of   coils   in   spriiig. 
S  =  maximum   safe  fibre   stress  of  material   lbs 

per  sq.  inch. 
E  =  torsional  modulus  of  elasticity. 
P  =  load  in  lbs. 
We  may  assume  E  as  12,000,000  and  S  as  50,000  lbs. 

•2. 

per  eq.  inch..   The  lift  of  the  valve  is  ^  inch  and 

o 

the  mean  diameter  of  the  spring  was  teJcen  as  1  -r^ 
inches.   The  spring  is  to  be  designed  so  that  it 
exerts  60  lbs.  pressure  when  the  valve  is  closed 

and  76  lbs  when  fully  lifted.   Since  the  lift  of 

3 
the  Vfilve  is  —  inch,  16  lbs  pressure  compresses  the 
o 

spring  i-  inch, 
o 

The  necessary   diameter  of  wire   is  found  from 

equation   (l. ) ,  j 

_  ^  X  50,000  X  d 
8  X  1.719 

And  d  =  0.188  inch. 

This  is   approximately  the   diaaieter  of  a  No.    7 
(Birminghajn  gauge)    steel  v/ire.      The  actual   diaraeter 
is    .180  inch. 
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Using   equation    (2.)   we  find, 

J 

3        8  X  n  X  16  X   (1.719) 
8  =  12,000,000  X   (.180)^ 

and 

n  =  7   coils    (approx) 
The   design  was   somewhat   chsmged  in  that   d  was  made 
No.    9  GA.    and  n  was  made  8.      TUTien  the   spring  is 
compressed  there   is   sufficient   space  between  coils 
80   that   they   do   not   come  together, 

(5.)    Gear   design. 

The  pitch  diameters  of  gears  chosen  are  as 
follows, 

Camshaft  gear  '   ^  \   inches. 

Upper  vertical  shaft  gear  -  1  T  inches. 

Lower  vertical  shaft  gear  -  3  inches. 

Crankshaft  gear  -  4  tt  inches. 

Magneto  gears  -  1  t  inches. 

By  taking  moments  and  using  the  Maximum  load  on 
cam  as  "before  determined  we  find  that  the  camshaft 
gear  tooth  load  is  116  lbs.   Using  equation  1, 
Page  112  of  Kachman's  Machine  Design, 
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16.8  Y/ 


S  t 
Where 

W  =  load  on  tooth  in  lbs. 

S  s  safe  working  stress. 

b  =s  face  of  gear  in  inches. 

P  s  circular  pitch  of  gear  in  inches. 

b  for  all  the  drive  gears  except  magneto  gears 
was  made  i  inch  and  S  may  be  taken  as  15,000  lbs 
per  sq.  inch  for  this  alloy  steel. 

Therefore, 

16.8  X  116     „^^  .   ^ 
^  =  15000  X  .5  =  -2^0  ^"°^- 

The  pitch  circumference  of  the  cainshaft  gear  is 
16.4934  inches.   Therefore  the  number  of  teeth 

is,  16^934    63,5 
.260  ~ 

say  63  teeth. 
The  upper  vertical  shaft  gear  therefore  has  21 
teeth.   This  corresponds  to  a  diametral  pitch  of, 
^~T  =  12.  12  -  14  pitch  stub  tooth  gears  were 
used.   The  lower  gear  set  was  calculated  in  identi- 
cally the  same  manner  and  the  results  are, 
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Lower  vertical  shaft  gear  -  30  teeth. 

CranJcshaft  gear  -  45  teeth. 

Diametral  pitch  -  10 

10  -  12  pitch  stub  tooth  gears  were  used. 
The  reason  for  making  the  lower  gears  larger  in 
diametral  pitch  than  the  upper  set  is  due  to  the 
fact  that  they  operate  the  oil  pump,  in  addition 
to  the  vertical  shaft. 

(6. )  Design  of  vertical  shaft. 

This  shaft  is  of  hollow  construction  with 
the  upper  vertical  drive  gear  integral. 

The  maximum  torque  transmitted  by  the  shaft 
is  small  since  it  runs  at  1.5  crankshaft  speed. 

The  torque  is: 
T  =  PR 

Where: 

P  =  tooth  pressure  on  upper  gear. 
R  =  pitch  radius  of  gear  in  inches. 
Then,  T  =  116  X  ^^^  =  101.5  inch  lbs. 
For  a  hollow  circular  shaft  of  outside  radius  a, 
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£>jid  inside  radius  b, 
2  Ta 

and, 


=A/I^ 


2  Ta 


7 
The  outside  diameter  was  assumed  as  —  inch  so 

o 

that  a  =  J:^p.  s  .4375  inch. 

The   safe  working   strass  may  "be  taken  as   10,000 
llDs  per   sq.    inch. 

Eence,^  , 

■\/,  .,„^^    2  X  101.5  X  .4375 
b  =YV.4w7&j   "  fT-  X  10000 

=  .428  inch. 

The  inside  diameter  is  therefore  .856  inch. 
It  is  obvious  that  this  shaft  is  under  a  feeble 
stress  ajid  one  of  practical  dimensions  must  be 
chosen.   The  inside  diameter  was  made  r—  inch. 

(7.)  Valve  timing  ad.iustment. 

After  assembly  it  is  necessary  to  time  the 
engine  due  to  side  play  in  the  bevel  gear  train. 
The  usual  method  is  by  means  of  a  timing  disc  • 
placed  over  the  crankshaft  at  the  propeller  end. 
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Place  the  engine  at  the  upper  dead  center  of 
cylinder  number  1,  nearest  the  propeller  end  and 
mount  the  timing  disc  on  the  taper  of  the  crank- 
shaft.  Turn  the  engine  in  the  running  direction 
10  degrees,  (Position  where  the  inlet  opens  and 
exhaust  closes  of  cylinder  number  1)  and  put  the 
camshaft  in  place,  the  closing  of  the  exhaust  cam 
and  opening  of  the  inlet  valve  cam  making  the  same 
angle  in  relation  to  the  valve  adjustment  mush- 
rooms of  cylinder  number  1.   Tighten  the  nuts  on 
the  four  bearings  and  adjust  the  proper  valve 
clearance.   Turn  the  crankshaft  slowly  backward, 
then  gently  rotate  forwa,rd,  feeling  the  exhaust 
valve  which  should  close  10  degrees  after  dead 
center,  while  at  the  same  time  the  inlet  valve 
should  begin  to  unseat. 

If  the  timing  is  not  accurate,  it  is  necessary 
to  take  the  camshaft  gear  off  for  the  sake  of 
shifting  splines,  or  in  turning  the  vertical  shaft, 
to  give  the  following: 


.) 


:-'!-     •■■'■■'■^    ■.'•.  Iv  •..■£.■'    '^v-;;!     .r':ierL';rt.r;     ,„    ■r.'^.OiWi.fa  -Itiij'-ii.  V'ii: 

-iiw;!,:    ..  r I,  :..;>;■  r;.'..  i^;;b    ::  .\..- r   0:1:/    OJ    nc; j- J-.-.L'S':  rxi    0.1, .•.ije 

<5Va.j?v    't-^-^o'i  ;    (';■.]■    ^i-:-   /-.-^    i.t,    ..-;*;:  u  1.  isfiO  •x.;o'!-    :'?a-; 

,  ,  1  »■  '-       ■-  f        ,■  ^  -    /   ■     '-^          -  I  '  -  .        ■■,'-* 


r-v'ij 


M 


t      .,  ■> 


L       I 


-i^V^l■: 


,    J    1  ,■  ^ 


:£!.;ia:v    'v;,!    *il 


->j 


f.T    «>v.i;.;,    o.r 


Page   #57. 
There  are   63  teeth,  in  gear   and  21   in  pinion, 
8   spline  keys  in  gear  and  5   in  pinion  shaft. 
1   tooth  of   carashaft  gear  »  2.857   degrees  of   cam- 
sh8J"t   travel   or   5.714   degrees  of   crankshaft  travel. 

1.  Rotate   gear   clockwise  1   spline  key  and 
pinion  clockwise  i  tooth  to   give  i  tooth  on  cam- 
shaft  gear  advance. 

2.  Rotate  gear   clockwise  2   spline  keys  and 
pinion  clockwise  |  tooth  to   give  |     tooth  advance. 

5.   Rotate  gear   clockwise   5   spline  keys  and 
pinion   clockwise  |  tooth  to   give  |  tooth  advance. 

4.  Rotate  gear   clockwise  4   splines  and  pinion 
clockwise  1   tooth  to   give  1   tooth  advance. 

5.  Rotate   gear   clockwise  2   splines  and  pinion 
clockwise  i  tooth  to    give  i  tooth  advance.     ITow 


2 


rotate  pinion  counterclockwise  one  spline  to  give 

i-  tooth  advance. 
IC 

6.  Rotate  gear  counterclockwise  one  spline 

and  pinion  counterclockwise  i  tooth  to  give  - 

tooth  retard.   How  rotate  pinion  clockwise  one 
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spline  to  give  ^   tooth  advance. 

By  reversing  each  step  of  the  above,  we  may 
obtain  exactly  the  same  values  for  retard.   It  is 
seen  that  we  have  a  range  of  adjustment,  either 
advance  or  reta,rd,  from  a  whole  tooth  to  one  tenth 
tooth  of  the  camshaft  gear.   Of  course,  this  must 
"be  multiplied  by  2  to  find  actual  crankshaft  de- 
grees. 
(I . )  General  Crankcase  Design. 

The  crankcase  does  not  lend  itself  well  to 
mathematical  treatment,  but  must  be  designed  by 
the  use  of  good  engineering  judgement.   The  chief 
stresses  to  which  a  crankcase  is  subjected  are: 

1.  Stress  in  crankcase  bosses  due  to  ex- 
plosion reaction. 

2.  Stress  in  supporting  arms  and  parts  inter- 
mediate between  the  cylinder  flanges  and  arms  due 
to  torque  reaction. 

3.  Stress  in  arms  and  entire  case  due  to 
weaving  of  the  frame. 
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The  thickness  of  the  metal  (aluminum)  around 

the  cylinder  openings  (according  to  Heldt)  was 

-1  5 

made  i  inch  per  inch  of  cylinder  bore  or  -  inch. 

8  o 

The  average  thickness  of  the  case  is  j   inch.   The 

case  was  reenforced  with  §  inch  webs  on  the  inside, 

o 

(J.)  Oil  Pump  Design. 

The  oil  pump  is  of  the  gear-force  feed  type. 
Heldt  gives  the  rule  to  supply  25  cuoic  inches  of 
oil  per  minute  per  square  inch  of  projected 
crankshaft  bearing  surface  at  the  maximum  speed  of 
the  motor. 

The  projected  area  for  this  engine  is  68  sq. 
inches  including  crankpins.   Therefore  the  pressure 
pump  should  move  68  X  25  =  1700  cu.  inches  of  oil 
per  minute  at  a  crankshaft  speed  of  1750  R.P.M. 

Let 

d  =  pitch  diameter  of  one  of  the  pump  gears. 

P  r  diametral  pitch. 

2 

h  =s  height  of  teeth  as  ^ 

f  =  width  of  face  of  gears. 
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n  ss  revolutions  per  minute  of  gears. 
Q  =  quantity  of  oil  delivered  in  cubic  inches 
per  minute. 

Then  according  to  Heldt, 

2-rrd  f  n 
0.  =  — p — 

and  therefore, 
2'r>d  f  n 


P  = 


^ 


1  "^ 

Assume  that  d  =  1  t  inches  and  that  ^  —  j   inch  for 

the  feed  gears.   Since  the  oil  pump  runs  at  1.5 

engine  speed  it  makes  2625  turns  per  minute. 

Therefore: 

•n    2t^X  1.25  X  .75  X  2625    „  .^ 
P  =         1700 a  9.08 

P  was  made  8  so  that  the  number  of  teeth  was 
1.25  X  8  =  10.   The  oil  return  gears  were  made 
identical  to  the  pressure  gears  except  the  width 
of  face  f  was  made  1  inch. 
(K.)  Water  Pump. 

The  v;ater  pump  is  of  the  Liberty  type  with 
one  outlet.   The  diameter  of  the  rotor  was  found 
from,  D  =  .85yv~ 
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Where , 

V  =  total  piston  displacement  of  engine  in 
cubic  inches. 
Therefore , 

D  =  .85~\/l9.635  X  7  X  6  =  4.55  inches. 
Call  it  4  i  inches. 
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COITCLUSIOIT. 
In  concluding  the  present  work  the  writers 
wish  to  emphasize  both  the  special  features  of  con- 
struction and  the  criticisiu  of  their  results.   The 
salient  features  of  design  are  stated  briefly  as 
follows: 

(1)  Hollow-stem  valves  with  adjustable  tappets, 
which  provides  for  the  direct  action  of  the  cam 
upon  the  tappet,  thereby  eliminating  the  use  of 
rocker  arms,  push-rods  etc. 

(2)  Overhead  hollow  camshaft  supported  by  four 
bronze  bushings  driven  from  the  crankshaft  by  means 
of  a  vertical  shaft  and  bevel  gears. 

(3)  Lower  vertical  drive  provided  with  ball 
bearings  for  the  reduction  of  friction. 

(4)  Magneto  bases  cast  integral  with  upper 
crankcase  allowing  compact  construction. 

(5)  Light  cylinder  construction  made  possible 
through  the  use  of  an  aluminum  jacket  and  steel 
sleeves. 
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(6)  Aluminum  alloy  pistons  using  spring  rings 
to  lock  piston  pin. 

(7)  Tubular  connecting  rods  allowing  increased 
strength  with  reduction  in  weight. 

(8)  Seven  bearing  hollow  crankshaft. 

(9)  Aluminum  alloy  crankcase  with  the  main 
crankshaft  bearings  supported  in  both  the  upper  and 
lower  halves.   Long  bolts  passing  through  both 
halves  of  crankcase.   Cylinders  held  in  position 

by  triangular  bridge  clamps,  a  design  which  adds 
to  the  stiffness  of  the  crankcase  construction. 

(10)  Forced  feed  lubrication  using  the  dry 
sump  proposition. 

(11)  Two  "Dixie"  magnetos  firing  two  plugs  per 
cylinder  a  prevention  against  misfiring  due  to 
fouled  spaxk  plugs.  The  following  are  the  criticisms 
offered  by  the  writers: 

(1)  Owing  to  the  accurate  machine  work  which 
must  be  performed  on  the  cylinder,  the  cost  of  pro- 
duction is  against  this  particular  design.   As  a 
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coriimercial  engine,  therefore,  the  cylinder  design 
would  not  be  favored. 

(2)  The  crankshaft  main  bearings  cajinot  be 
adjusted,  a  point  contrary  to  the  design.   As  is 
seen  from  the  drawings  that  should  a  bushing  be- 
come worn  it  must  be  replaced  with  a  new  one.   The 
joint  between  the  tv/o  halves  of  the  case  must  be 
lapped  using  this  construction  -  an  expensive 
operation.  However,  the  Liberty  and  Kispano-Suiza 
designs  favor  this  construction.   The  oil  film  is 
not  broken  and  this,  no  doubt  is  the  reason  for  its 
use  in  the  above  engines. 

(3)  As  is  previously  stated,  the  propeller  hub 
was  taken  from  the  United  States  Army  Aviation 
Standards.   This  hub  appears  to  be  rather  heavy  and 
by  extended  study  could,  no  doubt,  be  reduced  in 
weight. 

The  following  suggestions  may  be  considered 
should  the  motor  be  redesigned: 

(1)  Integral  construction  of  aliiminiim  cylinder 
block  and  upper  crankcase,  the  steel  cylinder  liners 


,■:-   -ci^'^iilv.^   fi; 


ri  .'    •••  r;.  •.■',''■'  ■    •  h 
;     :.  ,>"--(ji":.v;--i  i^     '.: 
<j  1.    m  i'i"      ..-'.•■    ':>J"^  : 


/•:\>.     Y;T!' 


.  I'.M  .1   fv 


•ic. 


:.  oCi((V\,.-,      J.,.-i 


J. ■>■:>.■;  ^;    '-C. 


;>t;r'.' ;-;.;.  "•,■:) 


Page  #65. 
■being  pressed  into  place.   This  construction  calls 
for  a  detachable  cylinder  head  v;ith  cast  iron 
valve  seats  cast  in  the  head.   Using  this  construc- 
tion of  cylinder  and  craniccase,  the  steel  sleeves 
may  "be  obviated  by  electroplating  a  thin  coat  of 
iron  directly  on  the  aluminum  wall.   This  construc- 
tion has  teen  used  on  a  small  air  cooled  motor  and 
is  a  matter  of  future  development. 

(2)  The  use  of  steel  crankshaft  Toearing  caps 
in  place  of  the  construction  used  in  the  present 
design. 

(3)  The  use  of  sliding  vane  oil  pumps. 
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